A large skull is disadvantageous to animals that move quickly in three-dimensional space, such as fishes and birds in water or air. A cerebral neocortex with a six-layered sheet has not evolved, most likely due to the limited cranial space. Instead of the laminar cortex, telencephalic nuclear masses seem to have evolved as the pallium in teleost fishes. We consider that the nuclear masses contain rather simple neural circuits sharing a skeleton of simple circuits in the mammalian cortex, which have been elaborated by additional circuits in mammals. Such basic similarities at the connectional level shared by nuclear and cortical pallium might underlie similar or equivalent functions.
NUCLEAR VERSUS LAMINAR TELENCEPHALIC PALLIUM
A distinctive feature of the mammalian telencephalon is the presence of a six-layered pallium or neocortex, which is considered to be responsible for 'higher' functions. Despite several 'intelligent' behaviours, however, the pallium of birds is composed mostly of nuclear masses with only a small laminar structure, the Wulst (Shimizu 2007) . Laminar pallium, therefore, does not appear to be a requisite for such functions. Karten (1991) suggested that visual information processing in the bird telencephalon is comparable with that in the mammalian neocortex.
The pallium of teleosts also lacks six-layered cortex (or even layered structures), although behavioural studies show some higher cortical-like functions in teleosts including transitive inference (Demski 1983; Grosenick et al. 2007; Ito et al. 2007) . In the present paper, we survey afferent, efferent and intrinsic connections of the teleost telencephalon in search of pallial circuitries comparable with mammalian neocortex.
OVERVIEW OF TELEOST TELENCEPHALON
The developmental process of the telencephalon is unique in ray-finned fishes. The developing telencephalon does not show evagination being different from other vertebrates, but instead shows eversion. Accordingly, the telencephalon does not form paired tubular structures that contain the lateral ventricles, but forms two solid hemispheres composed of several nuclear masses (figure 1). The hemispheres are separated by a T-shaped common ventricle and covered with a thin tela chorioidea (figure 1). This unique developmental process might explain the formation of the non-laminar telencephalon in ray-finned fishes. Eversion significantly reduces the pial surface area on the lateral wall of the pallium (figure 1a), leaving little room for cortex formation. Recently, Striedter & Northcutt (2006) have proposed that the eversion evolved because embryos of ray-finned fishes are so small that the telencephalon cannot evaginate, but instead squeeze into a rostral narrow space of the cranium.
The areas dorsalis telencephali (D) and ventralis telencephali (V) named by Nieuwenhuys (1963) are considered to be homologous approximately to the pallium and subpallium of other vertebrates, respectively (Alunni et al. 2004; Kage et al. 2004 ; figure 1 ). The D can be subdivided into several parts: pars centralis (Dc); pars dorsalis (Dd); pars medialis (Dm); pars lateralis (Dl); and pars posterior (Dp). The D also includes the nucleus taenia (nT). These parts may be subdivided further. For example, the Dl is composed at least of two components: dorsal (dDl) and ventral (vDl) regions (Yamane et al. 1996) . Similarly, the V is composed of pars dorsalis (Vd), pars ventralis (Vv), pars lateralis (Vl), pars supracommissuralis (Vs), pars postcommissuralis (Vp) and so on. In the present survey, we mainly focus on the area dorsalis, the presumed pallial homologue, which we hypothesize to contain functional equivalents to the mammalian neocortex.
SENSORY PATHWAYS TO THE TELENCEPHALON
Although the telencephalon of fishes has been regarded purely as an olfactory centre for a long time (e.g. Herrick 1924), non-olfactory sensory pathways to the telencephalon have been reported in some teleosts (Ebbesson 1980; Finger 1980; Echteler & Saidel 1981) . Based upon more detailed experiments and observations, it has been clarified that different sensory modalities reach different pallial targets (figure 2a; for review see, Yamamoto et al. 2007) . Secondary olfactory fibres reach the Dp and nT (Yamamoto & Ito 2000) . Visual information reaches mainly the dDl mediated by the nucleus prethalamicus (Ito & Vanegas 1983) or a presumed prethalamic homologue within the preglomerular complex, a collection of nuclei in the ventrolateral diencephalon (Northcutt 2006; Yamamoto & Ito 2008) . Octavolateral as well as somatosensory information reaches the Dm, Dc and Dl mediated by the ventromedial thalamic nucleus (Ito et al. 1986 ) and the preglomerular complex (Murakami et al. 1986a,b; Striedter 1991; Yamamoto & Ito 2005a ,b, 2008 Northcutt 2006) . Gustatory information reaches mainly the Dm relayed by a portion of the preglomerular complex or its homologue (Kanwal et al. 1988; Yoshimoto et al. 1998) , reaching a region presumably distinct from octavolateral terminal zones within the Dm (Yamamoto & Ito 2005b) . Ascending pathways mediated by the preglomerular complex enumerated above exhibit a considerable degree of modality-specific organization Yamamoto & Ito 2008) , similarly to mammalian thalamo-cortical pathways.
It is a critical issue, whether or not the preglomerular complex corresponds to the dorsal thalamus. Northcutt and his co-workers regard the complex as a migrated part of the posterior tuberculum, a non-thalamic diencephalic basal plate derivative, based on developmental analyses with non-experimental materials (Braford & Northcutt 1983; Northcutt 2008) . However, analyses of Pax6 expression during ontogeny suggest that preglomerular neurons are derived from diencephalic alar plate (Kage et al. 2004; Ishikawa et al. 2007) . We therefore consider it likely that preglomerulo-pallial pathways correspond to dorsal thalamo-neocortical pathways in mammals.
DESCENDING PATHWAYS FROM THE TELENCEPHALON
Descending pathways originate mainly from the Dc (figure 2b), which are mostly directed to the optic tectum, torus semicircularis, nucleus lateralis valvulae, nucleus paracommissuralis and inferior lobes of the hypothalamus (Murakami et al. 1983 and Dm also give rise to descending fibres (figure 2b), which are targeted mainly to the inferior lobes of the hypothalamus and preglomerular complex (Folgueira et al. 2004; Yamamoto & Ito 2005b , 2008 Northcutt 2006; Yang et al. 2007 ). Thus, the Dc seems to give rise to longer descending pathways that reach down to the meso-rhombencephalic level than those originating from the Dl and Dm that mostly end in the diencephalon. In addition to neurons that project fibres directly out of the telencephalon, the Dl and Dm appear to contain different populations of neurons that send intratelencephalic fibres to the Dc (Murakami et al. 1983; Yamane et al. 1996; Yamamoto & Ito 2005b , 2008 Northcutt 2006 ).
NON-LAMINAR CORTEX
Neurons in the Dc resemble those in layer V of the mammalian neocortex, which give rise to long descending fibres. The Dl and Dm appear to contain neurons similar to those in layer VI in terms of originating rather short descending fibres to the diencephalon. The Dl and Dm also contain neuronal populations that participate in telencephalic intrinsic connections as neurons located in other cortical layers in mammals.
Although more detailed analysis of the fibre connections is required to test such a comparison, it appears quite possible that neuronal populations functionally equivalent to neocortical layers in mammals do not form laminar structures but aggregate to form nuclear masses in teleosts, similar to the situation proposed by Karten (1991) Figure 2 . Line drawings illustrating (a) ascending sensory pathways to and (b) descending pathways originating from the area dorsalis telencephali in teleosts, and an example of the input-output pathways involved in telencephalic visual processing that can be deduced from tract-tracing studies in (d ) acanthopterygian teleosts (Ito et al. 1980; Ito & Vanegas 1983; Murakami et al. 1983; Yamane et al. 1996; Imura et al. 2003) , in comparison with (c) the mammalian cortical circuit. Ve, common ventricle; tc, tela chorioidea. Other abbreviations are as in the text and those of figure 1.
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